The aim was to develop an economical and biocompatible collagen-based bioactive composite for tooth regeneration. Acid-soluble collagen was extracted and purified from fish scales. The design was innovated to molecularly tailor the surface charge sites of the nano-apatite providing chemical bonds with the collagen matrix via microwave irradiation technique. The obtained collagen was identified by sodium dodecyl sulfate polyacrylamide gel electrophoresis analysis. The composites were characterized by Fourier transform infrared spectroscopy, thermogravimetric analysis/differential scanning calorimetry, and scanning electron microscopy. MC3T3-E1 cell lines were used to assess the biological effects of these materials by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetra zolium bromide (MTT) assay. Indirect contact test was performed by extracting representative elutes in cell culture media and sulforhodamine B analysis was performed. Chorioallantoic membrane assay was conducted to define the new vessels formation behavior. The purity of collagen extracts was determined and showed two a-chains, i.e. the characteristic of type I collagen. Fourier transform infrared spectroscopy showed the characteristic peaks for amide I, I, III, and phosphate for collagen and composites. Scanning electron microscopy images showed three-dimensional mesh of collagen/apatite nano-fibers. Nontoxic behavior of composites was observed and there were graded and dose-related effects on experimental compounds. The angiogenesis and vessels formation behavior were observed in bioactive collagen composite. The obtained composites have potential to be used for tooth structure regeneration.
Introduction
In recent years, various implanted materials and their fabrication techniques have been introduced in dental tissue engineering and their excellent outcomes have been revealed. 1 Specifically, bioceramics have shown their relatively better biocompatibility since their physicochemical and biological properties such as osteoconductivity and bioactivity are very similar to those of biological tissues. [2] [3] [4] Due to inherent properties of brittleness, bioceramics have been incorporated with polymeric network, resulting in increasing some degree of dental regeneration. 5, 6 Regeneration of lost tooth supporting structures is a highly orchestrated biological process involving a cellular and molecular interplay. 7 During regenerative procedure, the selection of a suitable scaffold is critical. It can be defined as biocompatible structures that support cells' growth and provide a suitable environment for tissue formation and provide mechanical support for the extracellular matrix generation. 8, 9 Ideally, scaffolds must be biodegradable as a native tissue and should degrade in a controlled manner which is consistent with the formation of the new tissue; 10, 11 further, they should be porous and cost effective. 12, 13 Scaffolds for dental tissue regeneration were mostly developed from hydroxyapatite (HA) with natural [14] [15] [16] and synthetic [17] [18] [19] polymers. Among natural polymers, collagen has gained popularity because of excellent biocompatibility, tailor-made degradability, fibrous structure, and it also represents an excellent delivery system for growth factors and facilitates the migration and penetration of cells, thus promoting angiogenesis and new tissue formation. 20, 21 There are many types of collagens, among them type I collagen is an important 3D structural component of bone and teeth. Therefore, the addition of type I collagen to bone and teeth substitutes may preserve the clot and support angiogenesis. The fibrillary structure of type I collagen has long been known to be important for cell attachment, proliferation, and differentiated function in tissue culture. 22, 23 Type I collagen can be isolated from a variety of sources, including tendons, teeth, bones, ligaments, and skin, 24, 25 mainly been extracted from skin (Gadus morhua, silver carp Hypophthalmichthys molitrix, chub mackerel bullhead shark, and sole fish) and from the bones of Thunnus obesus skipjack tuna, ayu, yellow sea bream, horse mackerel, fin of Japanese sea bass, scales of Pagrus major, Oreochromis niloticus, carp, and from the bones and skin of Japanese sea bass. 26 Fish collagen is chemically and physically different from that of mammalian collagen 27 because collagen from fish waste is not likely to be infected with transmissible spongiform encephalopathy, bovine spongiform encephalopathy, and foot and mouth disease, which are the major drawbacks of mammalian collagen. 28 Collagen/HA (Col/HA) composites are known to have similar composition and structure to those of natural bone/tooth. 29 Recently, there are several techniques concerning with the preparation of Col/HA composites, including alternate soaking, coprecipitation, and mechanical mixing. [30] [31] [32] These methods have some common shortcomings that homogenous distribution of inorganic particles in the organic matrices at nano-level is not possible, subsequently poor mechanical properties and limited applications. Previously, our group has synthesized HA, using a microwave at low temperatures than the conventional route with high density as well as better microstructural features. 4 Therefore, the main focus of our research is to incorporate HA particles into the porous Col obtained from indigenous source (fish scales) to develop composites by microwave sintering method. The authors anticipating that Col/HA composites by microwave sintering can ensure high density with good microstructure and can be obtained within a relatively short time than conventional. It is hypothesized that these composites would show improved biocompatibility and their degradation products should not involve an undesirable immune response or toxicity. It would facilitate the angiogenesis and will be used for dentinpulp complex regeneration. With respect to that chorioallantoic membrane (CAM) assay is one of the authentic assays to investigate the angiogenic potential of synthesized biomaterials. [33] [34] [35] [36] It appeared as an alternative in vivo approach for the testing of biomaterials on a developing chicken embryo that allows continuous visualization of the implant site while providing a rapid, simple, and low-cost screening of tissue reactions to biomaterials. 37 In this experimental procedure, attempts have been made to optimize conditions including exposure time and power input for the microwave-assisted wet synthesis of Col/HA composite with emphasis on concentration of HA in Col network with potential application for pulp-dentin regeneration.
Materials and methods

Collagen extraction
All chemicals, solvents, and precursors used in this study were analytical grade. Fresh rohu fish were obtained from local source and the scales were collected from fish and were stored at À20 C. To remove noncollagenous proteins from surface the scales were thoroughly washed with 10% NaCl (Sigma Aldrich, USA) for 24 h. Then demineralization was achieved by stirring scales in 1.09 M HCl (Analar) solution. After that, scales were soaked and stirred in 0.5 M acetic acid (Sigma Aldrich, USA) for 48 h at 4 C. The extract was filtered and NaCl was added to make 0.9 M solution and centrifuged this solution for 30 min at 1000 r/min at 4 C to collect the precipitated Col. The process of preparing 0.9 M solution was repeated three times and then lyophilized at À60 C for 24 h to get the better purification of collagen.
In situ synthesis of Col/HA composites HA was synthesized by microwave irradiation technique as previously described by our group. 4 The Ca/P ratio was 1.67 by using 0.5 M calcium nitrate (CaNO 3 (Fischer Scientific UK)) and 0.29 M diammonium hydrogen phosphate (DAP (BDH AnalaR Laboratory, UK)). In situ precipitation of type 1 Col/HA was performed with as-prepared Col by using the following method: 0.5 M CaNO 3 (Fischer Scientific UK) and 0.29 M DAP (BDH AnalaR Laboratory, UK) solutions were prepared in deionized water as solvent. The pH of both solutions was maintained at 10 by adding ammonium hydroxide (NH 4 OH (BDH AnalaR Laboratory, UK)) solution at intervals. The obtained Col samples with 20, 40, and 60% by weight were added in deionized water and were mixed in CaNO 3 solution followed by sonication for 30 min. DAP solution was added dropwise in CaNO 3 /collagen solution and pH was maintained at 10 by adding NH 4 OH. The solution was allowed to stir for 1 h and refluxed in microwave oven (Samsung MW101P) at 600 W for 1 min with 15 s ON:OFF intervals. After the microwave irradiation the resulting reaction mixture was centrifuged and the residues were soaked in 5% CaCl 2 (Sigma Aldrich, USA) solution for 24 h. After that the solution was soaked in distilled water for 16 h and freeze dried at À60
C for 24 h. The obtained materials were denoted on the basis of Col concentration in HA as Col/HA20, Col/HA40, and Col/HA60, respectively. All samples were stored at refrigerated temperature to avoid denaturing of protein contents.
Col/HA discs were prepared by mixing obtained Col/HA materials with deionized water at room temperature, the ratio was set at 2:1. Hydroxypropyl methylcellulose (2%) was used as a crosslinking agent. The mixed material was allowed to set for 20 min and then freeze dried at À60 C for 24 h.
Characterizations
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
To perform the SDS-PAGE, 7% separating gel and 5% stacking gel was used. A Col solution in 4 and 2 mg/mL of sample buffer was prepared under reducing condition by the addition of 2-b mercaptoethanol (Sigma Aldrich, USA) and then 15 ml of sample solution was loaded per well. High molecular weight marker (protein molecular weight marker; MW range 10,000-250,000 Da (Lot No. 00148546-Thermo Scientific)) was loaded alongside the collagen samples. Electrophoresis was performed using the Dual Slab Gel Electrophoresis System (CBS Scientific-USA). The gels were stained using 0.1% Coomassie brilliant blue R250 dissolved in water-methanol-acetic acid (5:4:1, v/v/v, respectively) and destained using a solution containing methanol-distilled water-acetic acid (5:4:1, v/v/v, respectively).
Bradford assay for protein quantification
To measure the protein concentration in an extract the dye-binding assay of Bradford was used. Dilute the Bradford reagent fivefold in dH 2 O (1 part Bradford:4 parts dH 2 O) and after filtration stored at 4 C. Then add 20 ml of the protein extract to 1 ml of the diluted reagent and allowed to mix completely. Prepare a standard curve using a serial dilution series (0.1-1.0 mg/ml) of a known protein sample concentration, i.e. bovine serum albumin (BSA). Later the absorbance value (at the wavelength 595 nm) of standard and prepared solution was measured by using microplate reader. 38 
Fourier transform infrared spectroscopy (FTIR) analysis
Characteristic functional groups of Col and Col/HA (all concentrations) were identified using FTIR (Thermo Nicolet 6700, USA) with diamond attenuated total reflectance accessory. Spectra were collected over the region 4000-500 cm À1 at a resolution of 8 cm À1 and averaging 256 scans. The data were analyzed by using OMINIC software.
Thermogravimetric analysis/differential scanning calorimetry (TGA/DSC)
The TGA and DSC curves of all synthesized samples were obtained in a simultaneous TGA-DSC apparatus (QEX-600, TA, UK) using alumina pan and the temperature range was 25-900 C with the heating rate of 10 C/min under the inert nitrogen atmosphere.
Scanning electron microscopy (SEM)
The morphological analysis was investigated by SEM (TESCAN VEGA3). Samples for SEM analysis were gold plated with coating thickness 250 Å using coating unit Quorum SC7620 ion sputtering device.
Cell culturing
MC3T3-E1 cells murine osteoblastic cell line was purchased from RIKEN Bio Resource Center (Tsukuba, Ibaraki, Japan). The cell line was grown at 37 C in a humidified atmosphere containing 5% CO 2 in a complete growth medium, containing Dulbecco's Modified Eagle medium (D5523) with supplements including 10% fetal calf serum (Gibco 39 Sample preparation and reference materials were prepared for indirect contact test as recommended by ISO 10993-5: (Biological evaluation of medical devices-Part 5). 40 
Sulforhodamine B (SRB) cell viability test
The SRB assay was used for cell density determination, based on the measurement of cellular protein content. MC3T3-E1 cells were seeded in 96-multiwell plates at a density of 5000 cells/well. After 24 h of incubation, cells were treated with extracts at 2.0 mg/ml dose level. After 24 h 25 ml of 50% w/v ice-cold trichloroacetate solution was added to each well and the plate was then placed at 4 C for 1 h. It was then treated with four washes using deionized water. Staining was done using SRB dye (0.4% solution of SRB in 1% acetic acid) for 30 min, later it was washed repeatedly with 1% acetic acid and dried. Morphologies were noted by using Zeiss Axio Observer Z1, Zeiss, USA at 650 nm absorbance (Platos V R plate reader, Techno Service Co.) and cells treated by each material were recorded and compared with controls. Data were reported as cell viability percentage with reference to a control (untreated cells, considered at 100% viability).
MTT cell viability test: Observation of dose effect
For MTT test, MC3T3-E1 cells were seeded in 96-multiwell plates with a density of 5000 cells/well. Six doses of each test material extract were prepared by dilution, i.e. 50 (1/2), 25 (1/4), 12.5 (1/8), 6 (1/16), 3 (1/32), and 1.5 (1/64). After 24 h of incubation, the cells were treated with each dose of extracts of Col, HA, Col/HA20, Col/HA40, and Col/HA60. Pure cell culture medium and polystyrene well plate were used as negative controls. After 24 h, 10 ml of methyl tetrazolium salt solution (0.005 g/ml) was added to each well of the plates and after 4 h, crystals thus formed were solubilized by adding 100 ml of sodium dodecyl sulfate (10% in 0.01 M HCl). After 24 h, absorbance values were observed to calculate cell viabilities %. Reduction of cell viability by more than 30% was considered a cytotoxic effect, in accordance with ISO standards. IC30s (nontoxic doses) were calculated by drawing trend lines. Nontoxicity was confirmed by observing the cells treated by the nontoxic doses of each material over a timeline of 12 days.
Biological activity
For this analysis, 24-well plates were seeded with 20,000 cells/well and incubated. After 24 h, these were treated with nontoxic doses of each material that had been previously derived. MTT assay as well as visual observations was performed as mentioned previously at day 1, 2, 6, 9, and 13. Cell viabilities have been expressed as a percentage of absorbance observed over absorbance showed by untreated cells. All the experiments were performed in triplicates. Data were expressed as mean and standard deviation and checked by one-way ANOVA and post hoc Tukey tests. p < 0.05 was considered significant.
CAM assay to investigate new blood vessels formation
Prior to start of this study, ethical permission was taken from Institutional Ethical Committee. Col and Col/HA60 (selection on the basis of cell study results) scaffolds were prepared and CAM assay was performed under optimized sterilized conditions. Fertilized chicken eggs were purchased locally and incubated at 37 C from day 0 to day 8 in a humidified egg incubator (HHD 435). To implant the synthesized scaffolds at day 8, a square window (1 cm 2 ) was made into the egg shell and then a 1 cm 2 piece of control (Col) and test material disc (5 Â 1 mm 2 ) were placed onto the CAM. Only one piece/disc was applied per egg. Once the materials were inserted, the window was closed by using parafilm (Bemis Flexible Packaging, USA) which was further sealed with adhesive tape. The implanted eggs were returned to incubator at 37 C in a 55% humidified incubator. At day 14, the adhesive tape and parafilm were removed, angiogenesis was quantified by taking light microscope (Mitotic, China) pictures of the material on the CAM and eggs were sacrificed finally.
Results
SDS-PAGE
The purity of Col extracts (two batches) was subsequently determined by SDS-PAGE analysis. It was found that both Col extracts showed two a-chains (a1 and a2) as shown in Figure 1 , which are the characteristic of type I collagen. In some studies, contamination of other proteins or degradation of collagen products could be found during SDS-PAGE analysis. 41 However, according to our result in electrophoretic pattern, no low molecular weight fragments were found. Therefore, it can be assumed that both Col extracts were not degraded during the extraction process. The Col showed the molecular weight less than120 kDa but more than 96 kDa.
Bradford assay for protein quantification
The absorbance of the standards (BSA) was found and plotted against the concentrations of the standards. Figure 2 showed a positive correlation between the concentrations of the standard (BSA) with its absorbance.
FTIR
The FTIR spectra (Figure 3(a) ) exhibited the comparative analysis of Col and Col/HA-based composites. The peaks at 3316 and 3440 cm À1 were indicative of N-H stretch and O-H stretch, respectively. The broad peaks at 2923 and 2856 cm À1 attributed to asymmetric and symmetric stretching peaks of CH 2 , respectively. Amides I and II absorptions were observed at 1659 and 1549 cm À1 , respectively. Amide III peak covered the area of 1237 cm ), while the phosphate peaks appeared at 1030, 609, and 564 cm À1 . FTIR spectra of Col/HA composites clearly presented the lowering of amide I peaks as shown in Figure 3(b) . However, the intensity in the area of amide III increased and it could be due to the presence of carbonate peak of HA in the same region. The asymmetric stretching band of PO 4 3À appeared at 1028 cm À1 and with the increase in concentration of HA content in composite, the peak intensity increased. The band of carbonate CO 3 À appeared at 875 cm À1 (m 2 vibration).
TGA/DSC analysis
TGA of Col and Col/HA-based composites showed three stages of degradation as shown in Figure 4 . The first thermal curve of Col ranging from 34 to 253 C (approximately 12% of total weight loss) could attribute to the loss of moisture contents. With increase in temperature, the Col started to degrade. The second curve from 253 to 527 C showed weight loss of 59.81% due to decomposition of complete organic amino acid moiety followed by a slight loss between 500 and 700 C resulting from the combustion of the residual organic components. The Col showed greater instability and rapidly degraded up to the temperature of 700 C with total weight loss of 43%. The composites of Col/HA showed three different stages of phase changing. TGA of Col/HA20 showed 9.8% of total weight loss at 150 C, due to absorbed moisture in composites. After that temperature composite started to decompose. The second stage ranging from 150 to 520 C indicated the degradation of small molecules of polymer collagen, whereas the weight loss of 32% was observed at 700 C which was due to complete degradation of collagen. When the concentration of HA was increased, the weight loss pattern showed more stability. At 700 C, the weight loss of Col/HA40 and Col/HA60 was 30 and 10%, respectively. DSC thermogram (Figure 4(b) ) showed glass transition (Tg) behavior of these composites with exothermic peak and it was observed that the Tg of Col sample was observed at 308 C. In contrast, HA-based collagen scaffolds showed higher Tg, where Col/HA40 and Col/HA60 showed 335 and 348 C, respectively.
SEM
The morphology and porosity of samples were analyzed by SEM as shown in Figure 5 . The microstructure represents bundles of interconnected fibrils in Col sample. The image of Col sample showed morphology with a highly unequal interconnected threedimensional structure. When the amount of HA was increased the change in morphology was observed. The sponges with heteroporous interconnected structure were observed when 20% HA was added. The aggregates were homogeneously dispersed and strongly adhered throughout the Col structure as with further increase in the amount of HA into composites. This showed that Col formed the bond with HA. The particle size of HA was also determined by using ImageJ software. The particle size increased with increase in the amount of HA into the composites. As shown in the image the average length of particles was as follows: (a) 1.186 mm, (b) 33.58 mm, and (c) 53 mm. This showed that the particle size depends upon the amount of HA in composites.
Cell culturing
The results showed healthy appearance of the treated cells ( Figure 6 ) after 24 h of treatment. Their outlines were brightly stained and easily recognizable. They remained well attached to the tissue culture plastic, showing development of cell junctions. The cells appeared in well-spread networks. There were no signs of cellular degradation, including granularity around the nucleus or detachment of the cells from After 24 h, SRB analysis showed no statistically significant difference between the viabilities in test materials compared with the negative controls whereas significant difference was found between all groups and the positive control (ethanol) as shown in Figure 7 .
MTT analysis of serial dilutions showed (Figure 8(a) ) that a dose effect was observed with each material. The nontoxic effects were observed in the materials over 12 days and cell viabilities on all four time points were comparable with the controls. Three of the elutes of the test materials (HA, Col/HA40, and Col/HA60) had a statistically significant positive modulation on osteoblast proliferation as shown in Figure 8(b) .
CAM assay
In this study we exploited CAM assay to explore angiogenic potential of prepared materials. Control did not affect formation of blood vessel neither the infiltration of vasculature into the control scaffold was observed. On the other hand, it was noticed that Col/HA60 was well attached to CAM. A thick network of blood vessels was observed converging toward composite. It confirmed chemoattractant nature of the scaffold. Small capillaries were seen invading the composite and penetrating inside. The entire assay was performed in sterilized environment and results are AE SD of all viable eggs. Figure 9 (a) shows the appearance of composite on the CAM at day 14. For quantification, a circle was drawn on the image 5 mm away from the composite and the blood vessels inside it were counted using blind scoring technique. A graph was drawn using number of blood vessels on y-axis and type of samples on x-axis ( Figure 9(b) ). Unpaired t-test was applied to statistically compare number of blood vessels in control and Col/HA60 and significant difference was found between the two samples (p ¼ 0.0001).
Discussion
Type I collagen was successfully extracted from fish scale and it is indicated that type I collagen is a major component of fish scale collagen. Further, the minerals were successfully removed from fish collagenous network; however, during in situ synthesis HA was incorporated in collagenous network by using microwave irradiation technique. It was confirmed from infrared spectroscopy, which is an efficient tool for the investigation of organic-inorganic interactions. The differences in structural peaks were due to strong interactions and were evidenced in the shift of peaks or in peaks duplications. The most important peaks in the pure matrix were the amide peaks. Collagen mineralization occurred due to the interactions which appeared between collagenous structures and HA. In fact, these interactions occurred between carboxylate groups and Ca 2þ cations. The optimized condition during microwave irradiation technique confirmed no denaturing of collagenous structure at 600 W for 1 min with 15 s ON: OFF. The collagen is a biodegradable polymer and it completely loses its weight under the influence of heat. Addition of HA preserved some weight loss of the polymer and helped to improve the stability of the composites. It has been observed that with the increase in the concentration of HA, T g increased due to bonding of HA with Col. In this study, various concentrations of HA and Col have been used to understand and obtain best possible combination for natural tissue regeneration. The bulk of tooth structure, i.e. dentin contains mainly Col and HA. The composition with various ratios was essential to understand their role in vitro and in vivo conditions. MC3T3-E1 cells were used for cytotoxicity analyses of composites as they provide a valid extrapolation of in vitro data to in vivo situations. 42 SRB analysis combined with MTT assay provided a reliable combination of a qualitative and quantitative cytotoxicity analyses, strengthening the finding that all materials were nontoxic. Cell viabilities comparable with the controls on all subsequent days provided further evidence of the nontoxic nature of the cells. This study showed that cells cultured on Col/HAbased media and exhibited high proliferative rate. The high proliferative rate could be attributed to the physiochemical properties of the composites, e.g. the presence of embedded biological compounds. The arrangement of Col fibers plays a significant role in determining the properties of a tissue. It is reported that it is easier for cells to perform amoeboid movement through fibrous scaffolds, giving higher proliferation rates. [43] [44] [45] [46] [47] It is noteworthy that in these cases, the aspect of discussion of chemical effects on the cells and thereby their biological activity remains untouched. Therefore, elutes were prepared for the indirect contact test, as recommended by the ISO. 39 Among the advantages of using the indirect contact test are the possibilities of performing a chemical analysis of the test materials 42 and the observation of dose-related effects on cellular activity of each material. Whereas all materials tested showed good viability at lower doses, Col/ HA60 showed significantly higher viabilities even at higher doses, closely followed by Col/HA40.
In comparison with the composites of the derived collagen, the Col itself has shown lower viabilities. The authors believe that this might be due to high background absorbance shown by this material which may have affected the final readings in the MTT assay. This could be due to the presence of some remnants of biological material that might be mimicking to some extent the absorbance shown by live cells. Furthermore, the Col/HA composite itself is known to better support cellular proliferation than collagen.
Nontoxic doses of HA, Col/HA60, and Col/HA40 showed a significant positive modulation on cellular activity over the timeline. The improvement of the cellular proliferation observed with HA and the increase in the HA content of the composite may be explained by the bioactive nature of HA. It has been shown that some bioactive materials release calcium which cause the activation of a cascade of seven families of genes in osteoprogenitor cells, leading to rapid bone regeneration. 48 The presence of calcium ions has been reported to act as a stimulus for osteoblastic activity 49 by eliciting intracellular calcium signaling pathways. 50 Moreover, it is known to bind more serum proteins, integrins, and osteoblasts in comparison with other scaffold materials. 51 It is suggested that some surface species/proteins may also be adsorbed onto the surface of HA which bind to osteoblast and may activate the genetic cascade which is responsible for elevated proliferation rates. 52 There was also a possibility that the HA powder degraded during elution and small particles of intact HA were present in the HA elute. The results of the present study suggested that calcium species present on the surface of HA or the HA itself may have been eluted, therefore projecting their effects on the preosteoblastic cells.
In this study, we not only compared the dose effect of different composites versus precursors, but also elucidated the effect over time. It might be deduced from this study that during extraction, the materials were able to elute certain chemical species that acted as catalysts for the proliferation of osteoblasts. Preosteoblastic cells thrived better in elutes of HA and the composites, and viabilities increased as did the HA content of the composites. This gives a valuable insight into the mechanisms that allow Col and HA to support osteoblastic proliferation. Since this study was aimed at identifying the effects of eluted substances rather than the direct effects of the composites, the results are different. The CAM assay represents a useful preliminary screening procedure to investigate the angiogenic activity of several agents (i.e. cytokines, growth factors, drug delivery systems, and biomaterials) providing a reliable alternative method for further examination in mammalian models. 53 This study supported that HA particles improved the cell behavior. Similar effects are expected for the Col/HA composites investigated in the present work, thus influencing the angiogenic potential. It is confirmed from CAM assay that Col/HA60 hold angiogenic potential and is well suited for advanced tissue engineering applications. With respect to collagen material normal growth of blood vessels was observed including small and slightly large vessels.
However for Col/HA60 samples, a large number of vessels were found and clearly many small, medium, and large vessels were observed in the area close to the composite placed. It is expected that some degradative materials were also released during incubation period; however, it did not show any toxic and negative effect on angiogenesis. The Col/HA film was placed on the CAM with the idea that these would interact with cells and will stimulate angiogenesis. The angiogenic potential difference between these two materials was possibility due to HA, which has chemoattractant potential. It has already been established that HA shows relatively better integration with both soft and hard tissues, making it commonly used in tissue regeneration. Furthermore, the porous fibrous material allows ingrowth of capillaries and other vessels. Therefore, it is anticipated that HA with Col is favorable for dentin-pulp regeneration (nonload bearing area). The development of an extensive CAM capillary network is of great importance for the avian embryo as it serves as its respiratory organ until the time of hatching. 53 The main cellular components of the CAM are endothelial cells but also mural cells such as pericytes are present.
Conclusion
Type 1 collagen was successfully extracted from indigenous source and by using microwave irradiation technique, Col/HA composites were synthesized in a cost-effective way. As in this study, Col/HA composites were designed preferably for dental tissue regeneration applications, therefore, it is highly important to consider their compatibility by means of in vivo as well as in vitro studies. The presence of biodegradable collagen along with HA makes it a suitable material for tissue regeneration, where angiogenesis plays a pivotal role in regeneration. This study will lead to positive strives by applying biocompatible composite with both characteristics of osteogenesis and vascularization, thus benefiting the tissue formation. Furthermore, HA was able to elute certain chemical species that imparted significant proproliferative qualities to elute, collagen was unable to do so. This opens doors to the investigation of chemical effects of elutes on osteoblast proliferation. Previous studies, although involved timeline studies, utilized the direct contact which does not allow the observation of the effects of eluted substances. The initial characterizations and analysis showed that we have successfully synthesized our desired biocomposite. In future, bioassays degradation studies and animal studies will show the regeneration process results.
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